Several studies on estimation of immune correlates in ChIKV convalescent subjects have identified markers of disease-related morbidity. The cytokines Il-1, Il-6, and Il-10 have been identified as pro-inflammatory markers in the acute phase, and mCP-1, Il-6, Il-8, mIP-1α, mIP-1β, and Th-1 activation with viral persistence in macrophages were identified as markers in the chronic phase of the disease with severe clinical symptoms (2, 8, 9) . In population studies of ChIKV disease, antibody titers have been estimated by IgG and Igm antibody elISA (2, 10, 11) and neutralizing antibodies by the hemagglutination-inhibition test (hIt), complement-fixation test and by serum microneutralization (SNt) tests (12, 13) . The 50% plaque reduction neutralization test (PRNt 50 ) was used in clinical evaluation of ChIKV vaccine in a Phase II study (14) . Pre-clinical vaccine studies have relied on the estimation of neutralizing antibodies by either PRNt 50 (15) or by SNt and hIt as a measure of protective efficacy of the vaccine (13, 16) . Recently, a ChIKV-pseudotyped lentiviral vector using the structural proteins of ChIKV and luciferase as reporter gene has been developed as a safe alternative for the use of virus in neutralization assays (17) .
The strong hypothesis that ChIKV infection confers sterilizing lifelong immunity in humans and the fact that humoral immunity can protect against ChIKV viremia as observed in animal models is a rationale for using a strong B-cell driven strategy for prophylactic vaccine development. hence it can be expected that the estimation of the antibody titer, particularly that of neutralizing antibodies, will be central to the measurement of vaccine efficacy in clinical trials. The Igm and IgG antibody elISA, hIt, PRNt 50, and SNt are currently in the battery of tests that are used to evaluate the humoral immune response to ChIKV infection. however, the variability introduced by different methods makes it difficult to assess the threshold of protective efficacy conferred by the virus infection, and to study the efficacy of any ChIKV vaccine in clinical trials in the future. A comparative estimation of serological immune correlates in a serum panel using different methods will be useful to define the cutoff for seroconversion and to understand the nature of protective immunity to the virus. Therefore, we estimated the level of neutralizing antibodies in 85 convalescent subjects of suspected ChIKV infection by SNt, hIt and PRNt 50 methods in order to obtain comparative correlates of immune protection.
Blood samples were collected under medical supervision during the period December 2009 to January 2010 from Chennai, Villupuram, Theni, tirunelveli and from two locations in Vellore district of tamil Nadu in South India, where ChIKV outbreaks were reported. Age, gender, duration and previous history of illness if any, treatment received and the outcome of the treatment were recorded. None of the subjects reported previous history of infection that is clinically symptomatic of ChIKV disease. The sera samples included in the study were at least three weeks after the reported onset of the infection. Six sera samples collected during the viremic phase tested positive for ChIKV by Rt-PCR, and were excluded from the assays for neutralizing antibodies. The assay for dengue Igm antibodies was included to study the incidence of co-infection by both arboviruses, as both of the viruses are transmitted by the same mosquito vectors. The ChIKV-Igm and dengue-Igm antibodies were assayed with ChIKV Igm antibody-capture elISA and dengue Igm antibody-capture elISA (mAC-elISA, National Institute of Virology, Pune) respectively, as per the kit protocols. The neutralizing antibodies were estimated in ChIKV Igm antibody positive samples by SNt, hIt, and by PRNt 50 . The serum neutralization titer was the serum dilution that caused complete inhibition of the CPe of 100 tCID 50 of the virus in 10 5 Vero cells (AtCC CCl-81) when incubated in 5% Co 2 in mem (Sigma Aldrich, St. louis, mo) for 5 days at 37 o C. The PRNt 50 titer was the serum dilution that caused 50% reduction in plaques formed by 10 5 PFu/ml of the control virus in Vero cells. The plaques were enumerated on an overlay of 3 ml of 0.85% methyl cellulose in mem containing 10% FBS, 1% penicillinstreptomycin and 1% l-glutamine after incubation in 5% Co 2 at 37 o C for 5 days. hemagglutination-inhibition (hI) titer was the serum dilution that completely inhibited agglutination of 4 hemagglutinin units of ChIKV antigen in 0.5% goose erythrocytes when incubated at 4°C for 4 hrs. The neutralizing antibody and hemagglutination titers ≥ 20 were considered positive.
out of the 85 subjects, 46 were females and 39 were males. The age of the subjects varied from 21-65 years with the peak of 30-45 years. About 100% of the subjects reported fever and 96% arthralgia with swelling in joints. Among the 85 subjects included in this study, 70 ( (see table) . of these, the number of subjects for whom antibody titers are available by all three methods is 43. however, there was no significant correlation between the neutralization titers estimated by the three methods. of the sera samples that were assayed for neutralizing antibodies, about 100% tested positive by both SNt and PRNt 50 and only three samples that tested positive by SNt and PRNt 50 were negative for hI antibodies.
There is compelling evidence that pre-existing immunity to ChIKV is associated with low infection rates in the community, and is protective both in clinical setting as well as in the animal models of infection (13, 16, 18) . A reference serum panel of ChIKV convalescent subjects was used to derive comparative titers of neutralizing antibodies by different methods. It should be noted that such data generated at different laboratories will be subject to variables such as differences in the virus strains used in the assays, the extent of host immune response, the duration and severity of clinical illness, and antibody decay over a period of time. Nevertheless, a comparative estimation of the level of neutralizing antibodies in the same serum panel by different methods has provided useful data on the threshold of seroconversion that can be used as a reference to assess the protective efficacy of any ChIKV vaccine in future clinical trials.
